current European primary producers of ceramic fibre was carried out, with measurement of exposure to respiratory fibres by personal samplers that measured inspirable and total mass, together with a health survey with an expanded respiratory questionnaire and standardised measurement of lung function. Odds ratios were calculated for symptoms and current exposure by multiple logistic regression, and multiple linear regression coefficients for lung function related to cumulative exposures controlled for the effects of respirable fibre and inspirable mass separately and together.
Results-Significant effects of current exposure to both inspirable dust and respirable fibres were related to dry cough, stuffy nose, eye and skin irritation and breathlessness. The decrements found in smokers and to some extent in exsmokers in forced expiratory volume in one second and forced expiratory flow from 25% to 75% of expiratory volume, seem to be related to the respirable fibres rather than the inspirable mass constituents of the environment. Conclusions-Current symptoms were related to both current exposure to inspirable dust and respirable fibre. The decrements in lung function were related to the fibre constituent of the exposure. The measurements of exposure to ceramic fibres obtained in the plant hygiene surveys were used to derive estimates of exposure to inspirable dust and respirable fibres within the seven main occupational groups in each plant. Each subject's current exposure was derived from the estimate for the main occupational group for that plant to which their current job belonged. Workers were grouped into three almost even groups based on their current exposure to inspirable dust. The lowest exposure group (<2.5 mg/m3) had 35% current smokers, the intermediate group (2.5-<3 mg/M3) had 46% current smokers, and the highest exposure group () 3 mg/M3n) had 51% current smokers, and contained more women than the other groups, these exposures occurred mostly in secondary production. There were 19 workers with current exposures > 5 mg/M3 who were included in the highest exposure group. The groups for current exposure to respirable fibre were based on levels likely to form a standard, rather than on balanced groups. The groups were <0*2, 02-<0-6, 0 6-<1, and >1 f/ml. The characteristics of these groups have already been described,3 they showed similar imbalances to the inspirable mass groups for sex and current smoking status.
Cumulative exposure was calculated by summating the exposure x time products for the entire sequence of jobs done by the employee since starting in the plant. For this calculation an employee's exposure to ceramic fibre or dust in any occupational group in which he had worked in the past was assumed to be the same as the estimated current exposure in that occupational group in the same plant. Subjects were then grouped by both current and cumulative exposure to inspirable dust and separately to respirable fibres, before any analysis of symptoms or lung function was undertaken. The prevalences of the various respiratory, nasal, eye, and skin symptoms were then compared between the current exposure groups. The indices of lung function in the men and symptoms were compared between the cumulative exposure groups. Symptoms were further investigated with logistic and lung function with linear regression methods. This enabled the effect of exposure upon the various aspects of health to be examined and controlled for potential confounding effects of age and smoking habits. The regression analyses were undertaken with GLIM and SPSS statistical packages.
Results

RELATION BETWEEN RESPIRABLE FIBRE AND DUST MEASUREMENTS
Gravimetric measurements of current exposure in these plants showed occupational group means that varied between 1-7 and 3-4 mg/M3 for primary production workers and 1 8 and 11 2 mg/M3 for secondary production workers. Mean concentrations of respirable fibres varied from 0-2 to 088 f/ml for primary production workers and 0 49 to 1-36 f/ml in secondary production workers. Exposure levels for other occupational groups were lower and typically < 0 5 f/ml.
There were 71 paired samples where both inspirable dust and total mass were measured. There was a significant correlation between the two measures (r = 0 7, P < 0 001). Total mass and respirable fibres were measured from the same filters. The figure shows the relation between the two for the 342 paired measurements; there was little relation (r = 0 34). Some of the areas with the highest mass measurements were in maintenance workers, where the exposures to fibre were low. The mean cumulative exposure for the whole workforce was 3-84 f/ml.y (highest 23 f/ml.y). For inspirable mass the mean cumulative exposure was 28-24 mg/m.3y. Relation between total mass and inspirable fibres measuredfrom the same filters.
3-5. -0-063*** 0.024* -0.0007* -0-0029 P < 005; **P < 001; ***P < 0-001. -0 061*** 0 02 -0.0007* -0.063* *P < 005; **P < 00; ***P < 0001. There was a weak relation between exposure to respirable fibres and inspirable mass that has allowed the separation of the effects of each in this study (figure). There was a strong relation between inspirable mass and total dust, which was measured from the same filters as the fibre counts. This therefore adds weight to the study's ability to separate the effects of fibres and non-specific dust, which are not likely to be due to differences in the workers sampled, or other similar confounding variables.
Dry cough and stuffy nose were related to both exposure to fibres and dust, but had a more clear cut dose-response relation with inspirable dust. When current exposure to both respirable fibre and inspirable dust were run in the same analysis, exposure to inspirable dust seemed to be the main determinant of eye irritation.
Dyspnoea when walking with others of the same age on level ground (grade 2) was statistically related to current exposure to dust; however, this symptom is more appropriately related to cumulative exposure, where it was significantly related to cumulative exposure to respirable fibres.3 Skin irritation was related to exposure to both inspirable dust and respirable fibre, but there was an additional independent effect of exposure to fibres.
The changes in lung function are much more strongly related to cumulative exposure to fibres than to exposure to inspirable mass, the effects of inspirable mass become trivial after adjustment for exposure to fibres.
Reductions of FEV, are confined to smokers, with no effect at all in life long non-smokers. This suggests that the fibres themselves are not directly detrimental to airflow, but promote such effects of cigarette smoke. In summary symptoms related to exposure to both inspirable dust and respirable fibres, and the decrements of FEV, seen in smokers are related to the respirable fibre constituent of the exposure.
